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serious side effects no predictive risk factors could be 
isolated.  
 
Conclusion: The currently available data seems to be not 
adequate to give a general recommendation, on weather RT 
could be combined with nTTs in clinical routine. If 
application is carried out on an individual basis it should be 
done under close clinical surveillance. Multicentric 
observational studies are needed to address this clinical 
relevant problem. 
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Purpose or Objective: Over the years, radiochromic film 
became a reference dosimetry system of choice for two-
dimensional dose distribution measurements with acceptable 
accuracy and uncertainty in both clinical and research 
applications. Nonetheless, response of the film might be 
influenced by factors other than irradiation (humidity, 
extreme temperature and/or exposure to UV light) that could 
lead to decreased measurement accuracy. We investigate the 
use of a control film piece, which should compensate for the 
film response changes other than radiation. 
 
Material and Methods: Response of EBT3 film was measured 
in terms of net transmittance calculated using green channel 
from 48-bit RGB image of film pieces scanned with Epson 
Expression 10000 XL flatbed scanner. We established a 
calibration curve for the radiochromic film dosimetry system 
in a dose range up to 20 Gy. Then, we irradiated “control” 
film pieces to several known doses from 0.05, to 1 Gy, as 
well as five film pieces of the same size to “unknown” doses 
of 2, 5, 10, 15 and 20 Gy. Impact of correcting measured 
(“unknown”) doses using “control” film pieces were 
investigated in terms of both gain in the accuracy and at the 
same time loss of uncertainty of such determined dose. 
Depending on a dose range, two approaches of incorporating 
control film piece were investigated. In a signal based 
method, response of the control film piece is subtracted from 
the measuring film piece and the final change in response is 
converted into the dose using calibration curve. In a dose 
based method, both readings of measuring and control film 
pieces are converted to dose using the same calibration curve 
followed by subtracting the control film piece “equivalent” 
dose from the dose obtained with measuring film piece. 
 
Results: Figure 1 summarizes results of our investigation into 
trade-off between gain in accuracy and loss in uncertainty 
when the control film piece is used, and we found that both 
are dependent on dose level measured. For dose values 
above 10 Gy, the increase in accuracy of 3% results in 
uncertainty loss of 5% by using dose corrected approach, 
where the measured film response corresponded to 2% of the 
dose response registered with measuring film piece. At lower 
doses and signals of the order of 5% (measured by control 
film piece) we observed an increase in accuracy of 10% with a 
loss of uncertainty lower than 1% by using the corrected 
signal approach. 
 
 
Conclusion: Use of the control (un-irradiated) film piece for 
dose measurements in reference radiochromic film dosimetry 
is highly recommended. At lower doses, the signal based 
method should be used, while at higher doses the dose 
correction method seems to be more appropriate. However, 
final incorporation of the signal registered by the control film 
piece into dose measurement analysis should be a judgment 
call of the user based on a tradeoff between deemed 
accuracy and acceptable uncertainty for a given dose 
measurement. 
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Purpose or Objective: To estimate and correct the 
systematic bias which results from the intra-chamber dose 
gradients when a Farmer ionization chamber is used for 
reference dosimetry (TRS 398, IAEA 2000) in flattening-filter-
free (FFF) MV photon beams. 
 
Material and Methods: An intra-chamber dose gradient 
correction factor (K_icdg) of the charge reading of a Farmer 
ionization chamber, when used for reference dosimetry (TRS 
398, IAEA 2000) in flattening-filter-free (FFF) MV photon 
beams, is proposed. This is achieved through a user 
intercomparison of the Farmer ionization chamber with a 
small volume (~ 0.1 cm³) ionization chamber, and by 
estimating the inaccuracies of this intercomparison. Further, 
the factor K_icdg is theoretically developed in terms of the 
corrections for both volume averaging effect (P_vol) and 
charged particle fluence perturbation (P_fl). The factor P_vol 
is then estimated as the ratio of the active length (L) of the 
Farmer ionization chamber (L= 24 mm) over the integral, 
computed on L, of a high-resolution FFF transverse dose 
profile (Figure 1). Once K_icdg and P_vol are known, P_fl is 
finally deduced. 
 
Results: The estimated overall standard uncertainties on the 
absorbed dose to water determination in reference 
conditions, for 6 MV and 10 MV FFF beams, were 1.5 % for the 
small volume ionization chamber (30013™, PTW), and 1.4 % 
for the K_icdg-corrected Farmer ionization chamber (30013™, 
PTW). In the latter case, the added uncertainty from the 
measure of K_icdg was balanced by the higher long-term 
stability of the Farmer ionization chamber. From four distinct 
dosimetry sessions on a TrueBeam™ (Varian Inc.) linac, mean 
(sd) values for K_icdg equal to 1.0024 (0.0003) for 6 MV-FFF 
and 1.0056 (0.0003) for 10 MV-FFF, were estimated. 
Similarly, P_vol equal to 1.0030 (0.0001) for 6 MV-FFF, and to 
1.0064 (0.0004) for 10 MV-FFF, respectively, were measured. 
